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METHOD AND APPARATUS FOR VARYING-RADIX NUMERATION SYSTEM 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention relates to the field of data processing. More specifically, the 

invention relates to encoding. 

Background of the Invention 

[0002] Typically, mathematical and engineering systems use a decimal system 

and/or binary system to represent numbers and to perform calculations. Over time, 

alternative numeration systems have been developed for different applications. Such 

numeration systems include fixed-radix, mixed-radix and mixed-base. 

[0003] A fixed-radix numeration system has a constant radix for all positions of a 
sequence of digits. In fixed-radix numeration systems, the weights of successive 
positions are successive integral powers of a single radix, multiplied by the same factor. 
Examples of fixed-radix numeration systems include decimal, binary and hexadecimal 
systems. 

[0004] A mixed-radix numeration system is a radix numeration system in which 
all radices of each position of a sequence of digits are constant, but not necessarily the 
same. The mixed-radix numeration system is a more general numeration system in which 
there may not be integral ratios between the radices of all digits. For example, time is 
measured with a mixed-radix numeration system. Hours are measured in tens of minutes 
and minutes having radices 6 and 10 respectively. 

[0005] In a mixed-based numeration system, numbers are represented as the sum 
of a sequence of position values. Each position consists of a mantissa and a base. The 
base of a given position is constant for a given application, but the bases across positions 
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are not necessarily integral ratios between the radices of all the positions. For example, 
years are measured with a mixed-base numeration system. Years are measured with tens 
of months and months having bases 12:10:1. 

[0006] The above numeration systems are satisfactory methods to represent 
numbers, but are inefficient for modeling operation sequences. The above numeration 
systems are also inefficient for transmission of data in some special cases. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The invention may best be understood by referring to the following 
description and accompanying drawings that are used to illustrate embodiments of the 
invention. In the drawings: 

[0008] Figure 1 illustrates an exemplary system 100 comprising processors 102 
and 104 for generating a varying-radix sequence, according to embodiments of the 
present invention. 

[0009] Figure 2 is a flow chart for generating a varying-radix sequence according 
to one embodiment of the invention. 

[0010] Figure 3 is a block diagram illustrating an example of stack manipulation 
according to one embodiment of the invention. 

[0011] Figure 4 is a flow chart for encoding an excitation sequence into a varying 
radix sequence according to one embodiment of the invention. 

[0012] Figure 5 is a diagram illustrating transmission of an excitation $equence 
according to one embodiment of the invention. 

[0013] Figure 6 is a flowchart for converting a decimal value to a varying-radix 
sequence as in block 419 of Figure 4 according to one embodiment of the invention. 



Attorney Docket No.: 042390 JM 1895 



4 



DETAILED DESCRIPTION OF THE INVENTION 

[0014] In the following description, numerous specific details are set forth to 

provide a thorough understanding of the invention. However, it is understood that the 

invention may be practiced without these specific details. In other instances, well-known 

circuits, structures, and techniques have not been shown in detail in order not to obscure 

the invention. 

[0015] Figure 1 illustrates an exemplary system 100 comprising a radix unit 180 
for generating a varying-radix sequence, according to embodiments of the present 
invention. Although described in the context of system 100, embodiments of the present 
invention may be implemented in any suitable computer system comprising any suitable 
one or more integrated circuits. 

[0016] As illustrated in Figure 1, computer system 100 comprises processor 102 
and processor 104. Computer system 100 also includes processor bus 1 10, 'and chipset 
120. Processors i02 and 104 and chipset 120 are coupled to processor bus 110. 
Processors 102 and 104 may each comprise any suitable processor architecture and for 
one embodiment comprise an Intel® Architecture used, for example, in the Pentium® 
family of processors available from Intel® Corporation of Santa Clara, California. 
Computer system 100 for other embodiments may comprise one, three, or more 
processors any of which may execute a set of instructions that are in accordance with 
embodiments of the present invention. 

[0017] Chipset 120 for one embodiment comprises memory controller hub 
(MCH) 130, input/output (I/O) controller hub (ICH) 140, and firmware hub (FWH) 170. 
MCH 130, ICH 140, and FWH 170 may each comprise any suitable circuitry and for one 
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embodiment is each formed as a separate integrated circuit chip. Chipset 120 for other 
embodiments may comprise any suitable one or more integrated circuit devices. 

[0018] MCH 130 may comprise any suitable interface controllers to provide for 
any suitable communication link to processor bus 110 and/or to any suitable device or 
component in communication with MCH 130. MCH 130 for one embodiment provides 
suitable arbitration, buffering, and coherency management for each interface. 

[0019] MCH 130 is coupled to processor bus 110 and provides an interface to 
processors 102 and 104 over processor bus 110. Processor 102 and/or processor 104 may 
alternatively be combined with MCH 130 to form a single chip. MCH 130 for one 
embodiment also provides an interface to a main memory 132 and a graphics controller 
134 each coupled to MCH 130. Main memory 132 stores data and/or instructions, for 
example, for computer system 100 and may comprise any suitable memory, such as a 
dynamic random access memory (DRAM) for example. Graphics controller 134 controls 
the display of information on a suitable display 136, such as a cathode ray tube (CRT) or 
liquid crystal display (LCD) for example, coupled to graphics controller 134. MCH 130 
for one embodiment interfaces with graphics controller 134 through an accelerated 
graphics port (AGP). Graphics controller 134 for one embodiment may alternatively be 
combined with MCH 1 30 to form a single chip. 

[0020] MCH 130 is also coupled to ICH 140 to provide access to ICH 140 
through a hub interface. ICH 140 provides an interface to I/O devices or peripheral 
components for computer system 100. ICH 140 may comprise any suitable interface 
controllers to provide for any suitable communication link to MCH 130 and/or to any 
suitable device or component in communication with ICH 140. ICH 140 for one 
embodiment provides suitable arbitration and buffering for each interface. 
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[0021] For one embodiment, ICH 140 provides an interface to one or more 
suitable integrated drive electronics (IDE) drives 142, such as a hard disk drive (HDD) or. 
compact disc read only memory (CD ROM) drive for example, to store data and/or 
instructions for example, one or more suitable universal serial bus (USB) devices through 
one or more USB ports 144, an audio coder/decoder (codec) 146, and a modem codec 
148. ICH 140 for one embodiment also provides an interface through a super I/O 
controller 1 50 to a keyboard 1 5 1 , a mouse 1 52, one or more suitable devices, such as a 
printer for example, through one or more parallel ports 153, one or more suitable devices 
through one or more serial ports 154, and a floppy disk drive 155. ICH 140 for one 
embodiment further provides an interface to one or more suitable peripheral component 
interconnect (PCI) devices coupled to ICH 140 through one or more PCI slots 162 on a 
PCI bus and an interface to one or more suitable industry standard architecture (ISA) 
devices coupled to ICH 140 by the PCI bus through an ISA bridge 164. ISA bridge 164 
interfaces with one or more ISA devices through one or more ISA slots 166 on an ISA 
bus. 

[0022] ICH 140 is also coupled to FWH 170 to provide an interface to FWH 170. 
FWH 170 may comprise any suitable interface controller to provide for any suitable 
communication link to ICH 140. FWH 170 for one embodiment may share at least a 
portion of the interface between ICH 140 and super I/O controller 150. FWH 170 
comprises a basic input/output system (BIOS) memory 172 to store suitable system 
and/or video BIOS software. BIOS memory 172 may comprise any suitable non-volatile 
memory, such as a flash memory for example. 

[0023] The system 100 illustrated in Figure 1 also includes a radix unit 180. The 
radix unit 180 is coupled with the processors 102 and 104. In an embodiment, the radix 
unit 1 80 can be processes or tasks that can reside within main memory 1 32 and/or 
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processors 102 and 104 and can be executed within processors 102 and 104. However, 

embodiments of the present invention are not so limited, as the radix unit 180 can be 

* ? 

! 

different types of hardware (such as digital logic) executing the processing described 
herein (which is described in more detail below). 

[0024] Accordingly, computer system 100 includes a machine-readable medium 
on which is stored a set of instructions (i.e., software) embodying any one, or all, of the 
methodologies to be described below. For example, software can reside, completely or at 
least partially, within main memory 132 and/or within processors 102/104. For the 
purposes of this specification, the term "machine-readable medium" shall be taken to 
include any mechanism that provides (i.e., stores and/or transmits) information in a form 
readable by a machine (e.g., a computer). For example, a machine-readable medium 
includes read only memory (ROM); random access memory (RAM); magnetic disk 
storage media; optical storage media; flash memory devices; electrical, optical, acoustical 
or other form of propagated signals (e.g., carrier waves, infrared signals, digital signals, 
etc.); etc. 

[0025] Figure 2 is a flow chart for generating a varying-radix sequence according 
to one embodiment of the invention. At block 201, the radix unit 180 receives a first 
sequence. At block 203, the radix unit 180 determines the number of positions of a 
second sequence for representing the first sequence. If the radix unit 180 determines that 
k+J positions are necessary to represent the first sequence, then the second sequence can 
be described as the following: v(k) v(k-l) v(k-2)...v(i)...v(l). For the i th position of the 
sequence, v(i) is the value. The v(0) is not shown in the sequence because it can be 
calculated from equation 1 asjollpws: 

v(0) = p(0)-£v(i) (D 

i=l 
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. . [0026] At block 205, the radix unit 180 determines an application value from the 
function p(i). The function p(i) is based on a set of rules derived for an application or set 
of applications. In one embodiment of the invention, the function p(i) is a constant value 
dependent on the application. In another embodiment of the invention, the function p(i) 
defines the maximum radix of the second sequence. 

[0027] At block 207, the processor 102 determines v(i) for each position of the 
second sequence. In another embodiment of the invention, the radix unit 180 performs 
block 207 before block 205. At block 209, the processor 102 calculates the radix for each 
position, designated by o(i), of the second sequence in accordance with equation 2 as 
follows: 

[0028] The embodiments of the present invention can be applied to model or 
represent sequence problems related to position information. The second sequence 
described in Figure 2, is a varying-radix sequence in which the radix of each position of 
the second sequence varies according to the value expressed by the second sequence. 

[0029] Figure 3 is a block diagram illustrating an example of stack manipulation 
according to one embodiment of the invention. In Figure 3, an input queue 303 contains 
variables D,C,B, and A from left to right. The variables of the input queue 303 are pushed 
into a first-in-last out (FILO) stack 301. Items from the FILO stack 301 are popped into 
the output queue 305. In Figure 3, the variables from the input queue 303 have been 
pushed into and popped out of the FILO stack 301 resulting in the output stack 305 
- containing the variables in the order D, QA-,B from left -to right. — 
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[0030] If the stack operations illustrated in Figure 3 are represented with a binary 
sequence, where the value "1" represents a push onto the FILO stack 301 and the value 
"0" represents a pop from the FILO stack 301, then the operations resulting in the output 
queue 305 can be represented by the following bit sequence: 1 1001010. 

[0031] In the stack operation sequence, the number of zeros occurring between 
consecutive ones varies. The number of zeroes occurring between consecutive ones can 
be indicated by v(i). The binary stack operation sequence can be modeled by four values 

Fmt\ SecondX Third! FourthX 

in the following way: 1 < - ) 1 < — ——> 1 < — — > 1 < — — — >. Since the 

1 v(3) 1 v(2) 1 v(l) 1 v(0) 

input queue 303 and the output queue 305 only contain 4 variables, only 4 pop operations 
can occur (i.e., only four zeroes can occur in the binary stack operation sequence). Since 
the maximum number of pop operations is equal to four, then the maximum number of 
pop operations can be defines with equation 3 as follows: 

£v(0 = 4 (3) 

[0032] Hence the following set of equations can be derived to determine the 
values of the varying-radix sequence: 

v(3)<l 

v(2)<2-v(3) ^ 
v(l)<3-v(2)-v(3) w 
v(0)<4-v(l)-v(2)-v(3) 

[0033] As shown by the equation for v(0), v(0) can be ascertained from v(3), v(2), 
v(l). Therefore, the binary stack operation sequence can be modeled by a three position 
varying radix sequence v(3), v(2) f v(J). 

[0034] Using the previously described equation for determining o(i), the radices 
for each of the positions of the varying-radix sequence are as follows: o(3) = 2, o(2) = 3- 
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v(3), o(l) = 4~v(2)-v(3). These radices are derived with the radix equation given p(i) = 4- 
i. In this example, the function p(f) indicates the maximum number of pop operations 
possible for the i* position. For example, after two push operations, at most two pop 
operations may be performed. Therefore the binary stack operation sequence illustrated 
in Figure 3 can be modeled in a more compact form than the binary sequence 1 1001010 
with the varying-radix sequence 021 with radices 232. Every possible stack operation 
sequence with four variables in the FBLO stack is illustrated in the table below. 

Varying-radix number Radices of different positions 



v(3) 


v(2) 


v(l) 


o(3) 


o(2) 


o 


0 


0 


0 


2 


3 


4 


0 . 


0 


1 


2 


3 


4 


0 


0 


2 


2 


3 


4 


0 


0 


3 


2 


3 


4 


0 


1 


0 


2 


3 


3 


0 


1 


1 


2 


3 


3 


0 


1 


2 
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3 
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2 
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2 


3 


2 


0 


2 


1 


2 


3 


2 




0 


0 


2 


2 j 


3 




0 


1 


2 


2 


3 




0 


2 


2 


2 


3 




1 


0 


2 


3 


2 




1 


1 


2 


2 


2 



Table 1: Model of FTLO stack operations 



[0035] The embodiment of the present invention provides a compact sequence 
with varying-radices that provides the same information as a longer fixed-radix or mixed- 
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radix sequence. The distribution of bits in a binary sequence can be indicated with a 
more efficient and compact varying-radix sequence as illustrated in Figure 3. 

[0036] The embodiments of the present invention can also provide gains of 
efficiency in data including video data and audio data. For example, in the multi-pulse 
excited linear prediction (MPELP) speed codec, an excitation sequence, which consists of 
multiple uniformly spaced pulses is transmitted as a residual signal. In the residual 
signal, both the amplitude and position of the pulses are determined sequentially one 
pulse at a time during analysis. The MPELP algorithm typically uses four to six pulses 
every five milliseconds. Encoding an excitation sequence with the MPELP algorithm is 
more expensive than classical linear predictive vocoders. The MPELP algorithm is more 
expensive because MPELP encodes both the amplitudes and the positions of the pulses. 
The embodiment of the present invention can more efficiently represent an excitation 
sequence. I 

[0037] Figure 4 is a flow chart for encoding an excitation sequence into a varying- 
' ■ ■ ■ ■ 1 

radix sequence and transmitting the varying-radix sequence according to one embodiment 

of the invention. Figure 5 is a diagram illustrating transmission of an excitation sequence 

according to one embodiment of the invention. Figure 4 will be described with reference 

to Figure 5. At block 401 a 30 bit excitation sequence is received. In Figure 5, an 

excitation sequence is shown being transmitted from the audio codec 146 of the system 

100 to the radix unit 180 of the system 100. At block 403, the radix unit determines the 

numbers of bits to be used for encoding the excitation sequence into a varying-radix 

sequence. The varying-radix sequence will represent the distribution of bits of the binary 

excitation sequence. To conform with the International Telecommunications Union 

(ITU) G.723 Standard, the excitation sequence contains M pulses, which is six for even 
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subframes and five for odd subframes. Hence, there are 



f \ 
30 



possible positional bit 



distributions. For ease of understanding, we will assume that M is six. Since 2 19 

f \ • / 



30 



< 2 20 , then 20 bits is enough to represent positional bit distribution information of 



the excitation sequence instead of the 30 bits as represented by the excitation sequence. 

* . [0038] It can already be seen that the embodiment of the present invention 
reduces the amount of data for an excitation sequence by 10 bits per frame. In this 
example, p(z) is equal to N-M(N=30 which is the total number of bits in a subframe and 
M is the number of Direc functions in a subframe). The excitation sequence can be 
represented by the compact varying-radix sequence v(M) v(M-l). . . v(l). 

[0039] As in the above example, v(0) can be determined with the following: 



v(0) = />(0)-f>(i) (5) 



[0040] At block 405, the radix unit 180 determines each v(z) for the varying-radix 
sequence. The v(i) represents the number of zero bits occurring between 1 bits in the 
excitation sequence. In another embodiment of the invention, v(0 represents the number 
of 0 bits preceding a 1 bit. In an alternative embodiment of the invention, v(i) represents 
the number of 1 bits between 0 bits. At block 407, the radix unit 180 calculates the 
maximum radix (i.c. 9 p(i)) for the varying-radix sequence from the sum of values of the 
varying-radix sequence as in equation 3. 

[0041] At block 409, the radix unit 1 80 calculates a radix for each v(0 in the 
varying-radix sequence. The radix for each v(0 is calculated from equation 6 as follows: 



M 



o(i) = N-M + 1- £v(y) i=l...M (6) 

/=/+! 
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[0042] In Figure 5, the radix unit 180 transmits the varying-radix sequence to the 
processor 102 of the system 100. At block 41 1 of Figure 4, the processor 102 converts 
the varying-radix sequence into a decimal value. The decimal value for the varying-radix 
sequence v(M) v(M-l) v(M-2)...v(l) can be determined from the following equation: 

M v(i>1 

Decimal Value = ^ ^ 

At block 413, the processor 102 converts the decimal value into a 20 bit binary sequence 
("the compact excitation sequence"). 

[0043] At block 415, the compact excitation sequence and the number of positions 
(determined at block 403) are transmitted to another radix unit 180. In Figure 5, the 
system 100 is shown transmitting the compact excitation sequence and the number of 
positions to a system 501 . The compact excitation sequence can be transmitted over a 
physical medium (e.g., Ethernet cable, coaxial cable, optical fiber, etc.), a wireless 
medium, or other forms of propagated signals. The compact excitation sequence can also 
be transmitted from the system 100 to the system 501 by a fixed medium (e.g., diskette, 
optical disk, etc.). 

[0044] Figure 5 illustrates the processor 102 of the system 501 receiving the 
compact excitation sequence. At block 417 of Figure 4, the processor 102 converts the 
compact excitation sequence into its decimal value. 

[0045] In Figure 5, the processor 102 of the system 501 transmits the decimal 
value to the radix unit 180 of the system 501. At block 419 of Figure 4, radix unit 180 
restores the decimal value to the varying-radix sequence v{M) v(M-\) v(M-2)...v(l) v(0). 

Attorney Docket No.: 042390.P1 1895 14 



(7). 




[0046] At block 421, the radix unit 180 reconstructs the 30 bit excitation sequence 
from the varying-radix sequence v(M) v(M-l) v(Af-2). . . v(l) v(0). At block 423, the radix 
unit 180 exports the excitation sequence. Figure 5 illustrates the radix unit 180 of the 
system 501 transmitting the excitation sequence to the audio codec 146 of the system 501. 

[0047] In alternative embodiments of the invention, tasks can be divided among 
units in a variety of ways. In one embodiment of the invention, the radix unit 1 80 of the 
system 100 converts the varying-radix sequence to a decimal value and transmits the 
decimal value to the processor 102 of the system 100, which converts the decimal value 
to the compact excitation sequence. In another embodiment of the invention, the radix 
unit 180 of the system 100 converts the varying-radix sequence to the decimal value and 
converts the decimal value to the compact excitation sequence. In another embodiment of 
the invention, the radix unit 1 80 of the system 501 calculates the compact excitation 
sequence into its corresponding decimal value. In another embodiment of ^he invention, 
the radix unit 180 of the system 501 transmits the varying-radix sequence to the processor 
102, which reconstructs the excitation sequence from the varying-radix sequence. 

[0048] Figure 6 is a flowchart for converting a decimal value to a varying-radix 
sequence as in block 419 of Figure 4 according to one embodiment of the invention. At 
block 601, a temporary value ("temp") is initialized with the decimal value, a loop control 
variable i is initialized with M (M+7 being the number of positions in the varying-radix 
sequence received from the system 100 in Figure 5), and v(i)i=o.M are initialized to 0. At 
block 603, the processor 102 or the radix unit 180 determines if the following conditional 
is satisfied: 

(8) 
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Temp >= J] 

p=0 



k 



v(j)-P + i-2 
i-l 




[0049] If the processor 102 or the radix unit 180 determines the conditional to be 
true, then at block 605 v(i) of the varying-radix sequence is incremented. From block 
605, control flows back to block 603. If the processor 102 or radix unit 180 determines . 
that the conditional is false, then at block 607 v(i) of the varying-radix sequence is 
decremented. 

[0050] At block 609, the temporary variable is updated in accordance with 
equation 9 as follows: 

Temp = Temp- £ 

p=0 . 

[0051] At block 611, the loop control variable is decremented. At block 613, the 
processor 102 or radix unit 180 determines if the loop control variable is equal to 0. If the 
loop control variable is not equal to 0, then control flows back to block 603. If the loop 
control variable is equal to 0, then at block 615 v(0) is calculated in accordance with 
equation 10 as follows: 

v(0) = p(0)-f i v(i) = N-M-f i v(i) (10) 

[0052] The embodiments of the present invention provide a method for modeling 
not possible with traditional numerations systems. In addition, the embodiments of the 
present invention enable compact representation of sequences. Various data, such as 
audio data and video data, can be represented in compact form thus reducing bandwidth 
consumption when transmitting such data over networks. 

[0053] While the invention has been described in relation to stack manipulation, 
other embodiments of the invention provide for a data structure based on a varying-radix 



N-M + l- £vt/)-/? + z-2 

i-l 



(9) 
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numeration system. Alternative embodiments of the invention can involve modeling a 
search sequence, with a varying-radix numeration, system. Therefore, the invention is not 
limited to modeling stack manipulation. In addition, while the invention has been 
described in relation to an excitation sequence, alternative embodiments could be 
implemented such that motion vectors of video data are represented with a varying-radix 
numeration system. In alternative embodiments of the invention, various aspects of video 
data including contrast, color, background images, etc., can be represented with a 
varying-radix numeration system. 

[0054] While the invention has been described in terms of several embodiments, 
those skilled in the art will recognize that the invention is not limited to the embodiments 
described. 

[0055] The method and apparatus of the invention can be practiced with 
modification and alteration within the spirit and scope of the appended claims. The 
description is thus to be regarded as illustrative instead of limiting on the invention. 
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